Background: Phosphate binders' constituents have alkalotic or acidotic properties and may contribute to acid base balance in haemodialysis patients. This study aimed to investigate the differential effects of phosphate binders on pre-dialysis serum bicarbonate in End Stage Kidney Disease patients on maintenance haemodialysis. Methods: Stable out-patients having satellite haemodialysis for at least 3 months were retrospectively studied for 18 months, excluding those with other medical causes for metabolic acidosis. Blood results were censored for inpatient episodes, at the time of death, renal transplant or dialysis modality change. Multivariable multilevel mixedeffects linear regression was used and five groups of phosphate binders were compared: Group A(Calcium (Ca) and/or Aluminium (Al) binders); B(Sevelamer hydrochloride (SH) alone); C(lanthanum carbonate (LC) alone); D(SH and Ca/Al), E(LC and Ca/Al).
Background
An increased anion gap metabolic acidosis is a characteristic of End Stage Kidney Disease (ESKD). Recognition of the metabolic acidosis in haemodialysis is essential because of the serious complications that can arise. The clinical importance of this is summarized in Table 1 [1, 2] . According to the Caring for Australians with Renal Impairment (CARI) Guidelines in 2000, pre-dialysis serum bicarbonate in haemodialysis patient should be in the range of 23-24 mmol/L [3] . Contrary to available evidence; a few epidemiologic studies showed that a mild degree of metabolic acidosis was not associated with increased risk of morbidity and mortality [4, 5] . In 2009, the British Renal Association recommended that predialysis serum bicarbonate concentrations, measured with minimum delay after venepuncture, should be between 18 and 24 mmol/L [6] .
Hyperphosphataemia, a frequent and serious complication of ESKD, partially contributes to metabolic acidosis which can be temporarily corrected by haemodialysis. Phosphate binders presently available in Australia include aluminium (Al) binders, calcium (Ca) binders and noncalcium and non-aluminium binders such as sevelamer hydrochloride (SH) and lanthanum carbonate (LC). Phosphate binders' constituents have alkalotic or acidotic properties and may contribute to acid base balance in haemodialysis patients. Hyperphosphatemia itself and phosphate binders may influence the acid-base status of the patients. This study aimed to investigate the differential effects of phosphate binders on pre-dialysis serum bicarbonate in ESKD patients on maintenance haemodialysis when comparing patients taking different binders.
Aluminium (Al) binders contain an alkali that might partially compensate metabolic acidosis in ESKD patients. Aluminium phosphate binders are generally avoided because of concerns of end-organ damage. As a result, aluminium binders have largely been replaced by the calcium based binders. Calcium carbonate as a phosphate binder delivers an alkali and may raise serum bicarbonate. Similarly the acetate in calcium acetate when used as a phosphate binder is metabolized to bicarbonate in the liver. The efficacy of calcium phosphate binders is offset by the potential side effects associated with increased calcium absorption. Sevelamer hydrochloride is a non-aluminum and non-calcium phosphate binder which has proven to be effective in lowering phosphate without raising calcium levels and causing harmful effects on renal bone disease [7, 8] . SH acts like an ion-exchange resin that releases chloride in exchange of phosphate ions. The chloride thus released is buffered by bicarbonate, contributing to metabolic acidosis [9] [10] [11] [12] [13] [14] . Lanthanum carbonate is a non-aluminium, non-calcium, phosphate binder that is effective and well tolerated. Lanthanum carbonate contains an alkali and it is expected to raise bicarbonate and act as a buffer. However, there is a concern regarding potential lanthanum accumulation in the tissues over time and possible long term side-effects. Despite concerns about longterm effects of lanthanum, long term follow up for 6 years has not supported these concerns [15] .
Adequate, safe control of phosphate and calcium levels with phosphate binders is therefore difficult and multiple agents may be required. In Australia, first line treatment for hyerphosphataemia remains calcium based phosphate binders in patients with low risk for vascular calcification because of Pharmaceutical Benefit Scheme (PBS) restrictions on using non-calcium and non-aluminum binders in CKD and denovo in haemodilysis. Second line treatment such as SH or LC is indicated with or without combination of first line binders only in patients with high risk of vascular calcification and/or hyperphosphatemia that is not controlled by first line phosphate binders.
There is a tendency in practice to combine phosphate binders in an attempt to improve efficacy or to minimize side effects of binders. Although there are cross-over or head to head studies comparing efficacy of phosphate binders and suggesting increased risk of metabolic acidosis in patients treated with SH, there is no study to investigate long term individual and combined effects of phosphate binders on acid base balance in haemodialysis patients. To our knowledge, our study will be the first of its kind in Australian setting and it is close to a real life setting.
Methods

Patients
This retrospective study included 292 stable Melbourne Health and Western Health out-patients who received satellite haemodialysis for a period of at least three months. Both Western & Melbourne Health units practiced the same audit policy in order to achieve CARI Guidelines' target of pre-dialysis bicarbonate of 23-24 mmol/L. It was a standard practice to supplement alkai by increasing dialysate bicarbonate concentration to 40 mmol/L from 35 mmol/L at monthly blood audit in both units when serum bicarbonate fell below 18 mmol/L. In order to avoid post-dialysis alkalemia, dialysate bicarbonate concentrations were modified back to 35 mmol/L when pre-dialysis serum bicarbonate was ≥24 mmol/L. The monthly blood tests were audited by these rules in both centres by a single Nephrologist in the respective centres.
This study was approved by Melbourne Health and Western Health Ethics committees. Patients with other medical causes for metabolic acidosis were excluded. Exclusion criteria were alcohol abuse, recurrent hypoglycemia, decompensated organ failure, cancer with active treatment or life expectancy less than a year, recurrent diabetic ketoacidosis, severe gastromotility disorders, pancreatic or biliary fistula, uretosigmoidostomy, long term nephrostomy tube and renal tubular acidosis. These audited patients were stable out-patients having dietary advice routinely in outpatient clinics and dialysis three times per week. Monthly patient information was recorded from December 2008 to June 2010. All blood samples were analyzed without delay by Melbourne Health Pathology by standard laboratory methods. Blood results were censored for inpatient episodes, at the time of death, renal transplant or dialysis modality change.
Statistical analysis
Long term individual and combined effects of phosphate binders on pre-dialysis serum bicarbonate, phosphate, potassium and corrected calcium were compared for five groups: Group A (Calcium (Ca) and/or Aluminium (Al) binders); B (Sevelamer hydrochloride (SH) alone); C (lanthanum carbonate (LC) alone); D (SH and Ca/Al), E (LC and Ca/Al). Pre-dialysis serum bicarbonate, phosphate, potassium and corrected calcium were also compared for three dosing groups of SH: low dose (SH <2.5 g/day), medium dose (SH 2.5-4.8 g/day) and high dose (SH >4.8 g/day). Allowing both random and fixed effects of medication along the study period, multilevel mixed-effects linear regression was used to estimate mean differences and 95% confidence intervals (CIs) at three different time points by six months intervals (June 2009, December 2009 and June 2010) after adjusting for sex, age and diabetes. All reported statistical tests were two-sided and P<0.05 was considered statistically significant. All statistical analyses were done using Stata 11.0 [16] .
Results
Of 320 patients, 292 (63% male) were eligible for analysis with a mean follow-up of 15.54 (standard deviation, SD 3.98) months. Baseline characteristics of these patients are shown in Table 2 . The majority of patients was Caucasian (55%) and had been on dialysis for, on average, 2 years (mean 49.22 months; SD 39.65). Mean urea reduction ratio (URR) was 72.76% (SD 6.96). Diabetes mellitus (40%) was the most common aetiology of ESKD in this study. Table 3 shows phosphate binder usage at different time points of 6 month-interval analysis: Group A (Ca/Al) approximately 34%-37%, Group B (SH) 27%-29%, Group C (LC) 8%-9%, Group D (SH plus Ca/Al) 21%-23% and Group E (LC plus Ca/Al) 7%-8%. Because of Australian PBS restrictions at the time, the number of patients using lanthanum carbonate was small. Therefore, results of group C (LC) and group E (LC plus Ca/AL) should be interpreted with caution. Majority (approximately 90-95%) remained on the same binders at each of the 6 month study period. Both Melbourne and Western Health units phased out an oral bicarbonate supplementation method. During our study period, auditors identified only 2% of the cohort who remained on oral sodium bicarbonate and terminated the treatment completely. Patients who required an increased dose of dialysate bicarbonate were summarized in Table 4 . Overall, compared to Group (A) Ca/Al, Group B (SH) and Group D (SH plus Ca/Al) received more alkali supplementation by increasing dose of dialysate bicarbonate.
Pre-dialysis observed mean levels and estimated mean differences of serum bicarbonate, phosphate, potassium, and corrected calcium for all five phosphate binder groups were shown in Table 5 . Figure 1 reveals the time course changes in pre-dialysis parameters: observed mean levels of serum bicarbonate, phosphate, potassium and corrected calcium. When mean serum bicarbonate levels were compared with Group A (Ca/Al), serum bicarbonate levels were significantly lower in group B (SH) and group D (SH plus Ca/Al) (P<0.001) at all points of 6 month interval analysis. Pre-dialysis serum potassium was marginally elevated in Group B (SH) and Group D (SH plus Ca/Al) (P<0.001) compared with Group A (Ca/Al).
In sub-group analysis, patients taking SH (alone or with other binders) were compared in three dosing groups (Table 6 and Figure 2) . A significant correlation between dosages of SH and pre-dialysis serum bicarbonate, potassium and corrected calcium levels was observed over the whole study period. The higher the dose of SH given in ESKD patients on maintenance haemodialysis, the lower the mean serum bicarbonate level and the higher the mean serum potassium level (P-trend <0.001). There were no major difference in mean serum pre-dialysis phosphate at the end of study (P-trend =0.53). Mean serum corrected calcium (p <0.001) was marginally decreased in patients treated with SH (SH alone and/or conventional binders) when compared to non-SH users at all points of 6 month-interval sub-group analysis.
Discussion
In our study, the control of serum phosphate by SH in ESKD patients might occur at the expense of lowering serum bicarbonate. The higher the dose of SH given in ESKD patients, the lower the mean serum bicarbonate level. Hyperkalemia may be explained by aggravation of metabolic acid by SH. Oka et al., reported that the levels of pre-dialysis serum bicarbonate significantly and negatively correlated with the daily SH dosage [12] . Metabolic acidosis in hemodialysis patients may be associated with other causes related to dialysis and its prescription. In our study, mean URR suggested that patients were adequately dialyzed with no difference between the study groups. In our study, other important dialysis/patients related factors: for example-interdialytic fluid gain, administration of alkali, excessive protein intake, hypotension during dialysis and chronic hyperparathyroidism were not taken into account in interpretation of metabolic acidosis. [7, 8] . The recommended Caring for Australians with Renal Impairment (CARI) targets for pre-dialysis serum phosphate and corrected calcium were 2.1-2.4 mmol/L and 0.8-1.6 mmol/L respectively. Mean pre-dialysis serum corrected calcium levels were within the CARI targets. In our study, mean serum corrected calcium (P<0.001) was marginally decreased in patients treated with SH when compared to conventional binder users. A study of ten-year experience with sevelamer and calcium binders suggested that sevelamer might improve vascular and bone health and perhaps, mortality in haemodialysis patients [8] . Our serum phosphate levels were above the targets in all five groups of patients. A number of other factors which were not reviewed in this study may have contributed to the poor achievement of serum phosphate target levels, including poor patient insight into the consequences of hyperphosphatemia, variable dietary management, and poor adherence with binders, Hyperphosphataemia itself partially contributes to metabolic acidosis. As mean phosphate levels did not differ significantly between the groups at the end of our study, differences in mean serum bicarbonate among the groups could not be explained by hyperphosphatemia.
Several investigators have studied metabolic acidosis treatment in ESKD patients on maintenance haemodialysis. Alkali has usually been provided either by increasing dialysate bicarbonate concentration, oral bicarbonate administration, or a combination of both [18] [19] [20] [21] [22] [23] [24] . Oral administration of sodium bicarbonate may result in volume overload and possibly diminish the effectiveness of sevelamer, as the alkali may compete with phosphate for Group B (SH) 80 (27) 76 (29) 68 (29) Group C (LC) 24 (8) 22 (8) 21 (9) Group D (SH & Ca/Al) 60 (21) 59 (23) 50 (21) Group E (LC & Ca/Al) 20 (7) 20 (8) 17 (7) Group A (Calcium and/or Aluminum binders). Group B (Sevelamer hydrochloride alone). Group C (Lanthanum carbonate alone). Group D (Sevelamer hydrochloride and Calcium and/or Aluminum binders). Group E (Lanthanum carbonate and Calcium and/or Aluminum binders). binding to the resin. Higher bicarbonate administration through dialysis does not result in thirst increase, fluid overload, or significant interdialytic weight gain variation, which are common undesirable effects observed during the oral administration of alkali salts. Sonikian et al. study [13] established that sevelamer-induced acidosis could be successfully managed on the long-term by increasing dialysate bicarbonate concentration. Sevelamer carbonate (SC) is as good as sevelamer hydrochloride (SH) in terms of hyperphosphatemia control with a better outcome in serum bicarbonate balance [25] . However, SC is not available in Australia. Alternatively, switching from SH to lanthanum carbonate (LC) may improve metabolic acidosis and hyeprkalemia [26] [27] [28] . In our units (both Melbourne Health & Western Health), it was a standard practice to supplement bicarbonate at monthly blood audit when serum bicarbonate fell below 18. Given the results, the use of these supplements either bicarbonate bath 40 or oral supplements would only bias toward a negative effect in the study for subjects taking sevelamer hydrochloride. There are no data on the most appropriate method for achieving the target bicarbonate. Complete correction of pre-dialysis metabolic acidosis in haemodialysis patients may lead to post-dialysis metabolic alkalosis and consequently hypoventilation, phosphate transfer into cells and a higher risk of soft tissue and vascular calcification. Therefore, further studies are needed to identify the most appropriate target of serum bicarbonate in Haemodialysis patients and the most appropriate method for achieving the target bicarbonate.
Conclusion
There is a tendency in practice to combine phosphate binders in an attempt to improve efficacy or to minimize side effects of binders. Phosphate binders' constituents have alkalotic or acidotic properties and may contribute to/protect against a predisposition to metabolic acidosis pre-dialysis. This may be dose dependant in patients taking SH. Clinical implications of phosphate binders related metabolic acidosis need to be determined in prospective studies.
